The effect of inhibitors and activators of phosphofructokinase on the absorption of oxygen by the roots of wheat seedlings was studied under normal and salinity conditions. It was revealed that in the control version the absorption of О 2 by seedling roots was significantly increased and the effect of acceptor ADP was appeared after introduction of 10 -3 М АМР and 4·10 -4 М of inorganic phosphate into the system. However, under salinity conditions the acceptor effect of ADP did not occur, and the absorption of oxygen was somewhat reduced.
Introduction
In the literature there are number of experimental studies devoted to characterization of phosphofructokinase in microorganisms, yeast and animal tissues [Torres J. et al., 1997; Macdonald J. and Storey K., 2005; Flores C. et al. 2005; Saavedra E. et al. 2005; Baquan S. et al. 2005; Valleyo J., Hardin C. 2005 ].
However, it should be noted that information about phosphofructokinase of plants is very scarce [Omarov J.A., 2007] . Phosphofructokinase is an important key regulatory enzyme of glycolytic pathway. Phosphofructokinase catalyzes the third reaction of glycolysis, the conversion of fructo-6-phosphate to fructose-1,6 biphosphate, consuming one molecule of ATP during this process. This reaction is one of the irreversible reactions of glycolysis.
phosphofructokinase.
Despite all mentioned the effect of inhibitors and activators of phosphofructokinase on the oxygen absorption rate by the roots of wheat seedlings under salinity conditions was not studied sufficiently. This was the reason of the present study, which was aimed to determine the effects of activators, AMP, fructose-1,6 diphosphate, ADP, phosphate; and inhibitors, ATP and citrate, of phosphofructokinase on the absorption of О 2 by plant roots under salinity conditions.
Materials and Methods
The object of the study were five-day old wheat seedlings (variety 'Barakatli') grown in an incubator at 25 0 С in solutions of Knop and NaCl at concentration of 50-70 mM under aerated conditions.
The measurement of oxygen absorption rate by seedlings roots was carried out with a polarographic setting fitted with open electrode [Kasumov N.A., 1983] . The cathode was thin platinum wires of 0.5 mm diameter, fused into a glass capillary. Thus, the platinum electrode was carefully isolated, except the tips, which were left 1-2mm open. Platinum electrode, fused into a glass capillary, contacts with the copper wire through mercury. As an anode (non-polarizable electrode) AgCl electrode that contacts with KCl with the liquid medium with placed inside plant, was used. The curve of dependence of diffusion amperage from the power supply voltage has a plateau. For oxygen this plateau is in the range of 0.2-0.9V. On the electrodes the potential difference was maintained at 0.65V. For recording of arising amperage the galvanometer with sensitivity of 2 • 10-7 A / div (M-95) was used. The working space of the cell is formed by a cylinder of 2cm depth. The sensitivity of our setup was
. The sensitivity of the used platinum electrodes was also tested by Winkler method, which allows determining the absolute content of oxygen in water. Zero concentration of oxygen was created by filling the cell with 1% aqueous solution of sodium sulfite. The overall block diagram of the setup is presented in Figure 1 . Figure 1 . The overall block diagram of polarographic equipment for determination of oxygen uptake by plants. 1-electrochemical cell; 2-pH-meter; 3-reflecting galvanometer; 4-ultrathermostat; 5-thermostatic cuvette with object; 6-micropump. [Lakin G.F., 1990] . Accuracy rate does not exceed five percent.
Results and Discussion
The substrates of phosphofructokinase are fructose-6-phosphate and ATP. Fructose-6-phosphate is binded at catalytic site of the enzyme, and ATP could be binded both at the catalytic centre and allosteric regulatory center. This could be explained by the evidence that ATP is allosteric regulator (inhibitor) of phosphofructokinase [Lee H., Copeland L., 1996; Sola-Penna M. et al. 2002; Santamaria B. et al. 2002; Susuki M. et al. 2005 ].
Therefore we were interested in studying the absorption of О 2 by seedlings roots under the influence of the ATP. During addition of ATP, over establishment of steady-state level, the oxygen uptake by plant roots significantly decreases.
It was also found that citrate is an inhibitor of plant enzyme. In a contrast, for phosphofructokinase of animals the inhibitor is ADP. AMP, which is an activator of animals phosphofructokinase had no significant effect on the plant enzyme, but it increased the inhibition by ATP and citrate. Later the same authors [Dennis D. and Coulate T., 1987.] suggested that phosphate ) ( i P and citrate are important regulators in vivo, but they did not confirm the important regulatory role of ADP.
Organic acids play an important role in the metabolism of plants, and as substrates of high oxidation states they are involved in respiration process. The addition of M 2 10 -of citric acid to the system causes a significant increase in oxygen uptake by wheat seedlings. Citric acid as an organic acid increases the absorption of oxygen.
Next, we studied the О2 absorption by wheat seedlings under influence of ADP at
It was found that after the establishment of steady-state levels of speed, oxygen absorption by wheat roots in electrochemical cell was immediately raised after addition into the system of a small amount of ( M inorganic phosphate ) ( i P was introduced into the system. As can be seen in Figure 2 the addition of inorganic phosphate reduces the О2 absorption by roots of wheat seedlings. After addition of phosphate, all of the exogenous ADP converts to ATP, due to the decrease in In the next experiments the oxygen uptake by plant roots under the action of fructose-1,6-diphosphate was studied. The experiments revealed that after introduction of (Figure 3) . Increase of oxygen absorption by plant roots under the action of fructose-1, 6-diphosphate could be explained by the fact that fructose-1, 6-diphosphate is one of the major substrates of anaerobic and aerobic glycolysis and in normal conditions enhances the respiration rate of seedling. After 40-50 minutes of fructose-1, 6-diphosphate action the ADP at concentration M 4 10 -was injected into the system. As we can see in the Figure 3 , the addition of ADP accelerates oxygen absorption. This experiment was carried out in reverse order -first tested the action of ADP, and then the action of fructose-1, 6-diphosphate. In this case, ADP enhances the oxygen absorption, and addition of fructose-1, 6-diphosphate further enhances the oxygen absorption. The introduction of ATP into the system after exposure to fructose-1,6-diphosphate, does not stimulate oxygen uptake by plants, moreover it inhibited the oxygen uptake by roots of wheat seedlings and addition of fructose-1,6-diphosphate takes over its inhibitory effect and enhances the oxygen absorption by 15 per cent.
Next, we studied the combined effect of the classical uncoupler 2,4 -DNF and fructose-1,6-diphosphate in the control. Experiments revealed that addition of fructose-1,6-diphosphate into the system enhances the oxygen absorption by roots of wheat seedlings and addition of 10 -4
М of 2,4-DNF significantly enhances the respiration rate. These findings led us to conclusion that 2,4 -DNF has a divisive effect (Figure 4) . In subsequent experiments, the root systems of seedlings were subjected to prolonged exposure (50-70mM NaCl) to salt. For this purpose, seeds and roots of wheat seedlings were kept during 5-6 days in saline. After that, seedlings were transferred into the water, and after some time ATP was introduced into the system. As it can be observed in the Fig., in this case, ATP causes inhibition of О 2 absorption by seedlings. The suppression of oxygen absorption rate by effect of ATP, apparently due to the fact that the seedlings were exposed long enough to salt, and ISSN 2157 -6076 2013 www.macrothink.org/jbls therefore aerobic glycolisis started to increase in the tissues of the root system [Kasumov N.A., 2004] . With increase of aerobic glycolysis the synthesis of endogenous ATP enhances. In this case, the addition of exogenous ATP at the expense of feedback is the reason of the process weakening.
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The introduction of fructose-1,6 diphosphate in the system after effect of ATP takes out its inhibitory effect and increases the oxygen uptake ( Figure 5 ). It should be noted that in the absence of salinity the oxidative phosphorylation in young seedlings occurs intensively and therefore addition of exogenous ATP inhibits oxygen uptake by plant roots due to excess of exogenous ATP.
It was found that after the introduction of M In experiments conducted with phosphofructokinase from grapefruit juice, it was shown that ATP is an inhibitor of the enzyme at a concentration of more than 80mm [Van Praag E. et al., 1999] .
When ADP added into the system at a concentration of 10 -4 М the О 2 uptake by plant roots significantly reduces and non-acceptor role appears.
Our data are in accordance with published literature [Susuki et.al., 2003 ]. The cells suspension from the culture of В.sexandula increased the intensity of respiration under exposure to 150mM NaCl, which was accompanied by a decrease in content of fructose-6-phosphate and increased levels of fructose-1,6-bisphosphate, as well as activation of glycolytic enzymes (GF). High concentrations of ATP inhibited the phosphofructokinase activity, but this effect was completely eliminated by NaCl. It is supposed that increase in the activity of these enzymes The experiments revealed that addition of citric acid into the system causes inhibition of О 2 uptake by seedlings. It was determined that by exposure to citric acid the oxygen uptake by plant roots in 5-day seedlings decreased for 23%, in 7-day seedlings for 34%, and in 9-day seedlings for 62%. Next we studied the oxygen uptake by plant roots under the effect of fructose-1,6-diphosphate. It was found that after introduction of M 3 10 -of fructose-1,6-diphosphate into the system the oxygen uptake by plant roots increased (70%). This may be due to the fact that fructose-1,6-diphosphate is one of the major substrates of aerobic glycolysis. Fructose-1,6-diphosphate is easily converted to 3-phosphoglyceric aldehyde.
It is important to highlight that at non-oxidizing stage pentose phosphate pathway is associated with glycolysis (through glucose-6-phosphate, fructose-1,6-phosphate and 3-phosphoglyceric aldehyde), thus there is a possibility to turn oxidative processes to hexose monophosphate direction [Severin E.S., 2004] .
It was determined that during increase of sodium chloride concentration (50-70mM), increase of oxygen uptake by plant roots under the action of fructose-1,6-diphosphate enhances, that indicates the presence of additivity in their action.
The introduction of M 4 10 -of 2,4-DNF into the system during long-term exposure to salts in the presence of fructose-1,6-diphosphate does not stimulate oxygen uptake by plants, moreover inhibits this process ( Figure 6 ). 
